Birth Weight Children
Improvements in perinatal care have resulted in increased survival rates for children born very preterm (Յ33 weeks' gestation) and/or with a very low birth weight (VLBW) (Յ1500 g). The incidence of major disabilities such as cerebral palsy, mental retardation, deafness, or blindness is fairly low. 1 There is growing awareness that the majority of nondisabled survivors encounter more "subtle" problems such as academic underachievement, 2 behavioral problems, [3] [4] [5] and deficits in higher-order neurocognitive functions: the so-called executive functions (EFs), 6 which persist throughout childhood and young adulthood. 1, 4, 7 However, great variability exists in the published results because of small numbers of participants, high attrition rates, and substantial variations in methods and study design. We conducted a quantitative meta-analysis to integrate previous research on academic achievement, behavioral problems, and EF in very preterm and/or VLBW children to provide aggregated measures of effect size for these 3 outcome domains. Such an aggregation will facilitate the field to move forward to study underlying dysfunctions and develop intervention strategies.
Academic achievement includes mathematics, reading, and spelling, of which the literature suggests that the poorest performance of very preterm and/or VLBW children is observed in mathematics. 2 Behavioral problems in these children mainly manifest in an increased risk for attention-deficit/hyperactivity disorder 3 and internalizing behavioral problems such as withdrawn behavior, 6 although some studies have also found oppositional behavior. 8, 9 A large body of evidence has shown that academic underachievement and behavioral problems arise from a deficit in EF, [10] [11] [12] [13] a set of neurocognitive functions such as inhibitory control, working memory, cognitive flexibility, and planning. 14 EF, therefore, has attracted considerable interest, and in very preterm and/or VLBW children executive dysfunction has been reported, suggested to arise from disruptions of cortical and subcortical circuits connecting frontal, striatal, and thalamic regions. 6 The primary aim of this study was to meta-analytically chart the outcome of very preterm and/or VLBW children in terms academic achievement, behavioral functioning, and EF. The second aim was to examine the relationship between age at assessment, birthweight (BW), and gestational age (GA) on the one hand and effect sizes for the indices of academic achievement, behavioral functioning, and EF on the other hand.
METHODS

Inclusion Criteria
The guidelines for reporting metaanalyses of observational studies published by Stroup et al 15 (2000) were taken into account in the design, performance, and report of this meta-analysis. We searched original articles using the search terms "child*," "low birth weight," "prematur*," "preterm," "outcome," "math*," "arithmetic," "reading," "spelling," "school," "academic," "behav*," "neurocogn*," and "executive function*." The studies were located in the PubMed, PsycINFO, and Web-ofScience computerized databases. The reference lists of published articles were used to identify other relevant articles on these topics.
The literature was reviewed to include studies that met the following inclusion criteria: (1) the study was published between 1998 and 2008, thereby demarcating the period of emerging research into EF; (2) the study concerned children born very preterm (Յ33 weeks' gestation) and/or with VLBW (Յ1500 g) to estimate the maximal impact of prematurity and VLBW; (3) a case-control design was used; (4) the mean age at assessment was at least 5 years, because at this age children start to receive formal education, which enables academic achievement to be charted; (5) the study reported data on academic achievement and/or behavioral problems and/or EF collected with standardized tests; and (6) there is a range of different tests and questionnaires available to measure academic achievement, behavioral functioning, and EF, and some tests or questionnaires may have been used in only 1 or 2 studies. Although meta-analytic procedures may be applied with few studies, the obtained results might then be unstable. 16 To control for this problem, a cutoff point was chosen of a minimum of 5 studies that used a particular test or questionnaire, if the study was to be included in the meta-analysis, and we included as our seventh criterion that these results were published in English-language peer-reviewed journals. Studies were excluded if they did not meet all of these inclusion criteria.
Academic Achievement
Fourteen studies met our inclusion criteria. Standardized academic-achievement tests that were used in these studies all had identical normative scales with age-and grade-based standard scores around a mean score of 100 (SD: 15) and included the WoodcockJohnson Tests of Achievement 17 which measures reading and mathematics; the Wide Range Achievement Test, 18 which measures mathematics, reading, and spelling; the Wechsler Individual Achievement Test, 19 which measures mathematics, reading, and spelling; and the Woodcock Reading Mastery Test-Revised, 20 which measures reading. Details on the studies included are provided in Table 1 . [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] 
Behavioral Problems
Nine studies met the inclusion criteria. Standardized questionnaires that were used in these studies included Achenbach's Child Behavior Checklist and Teachers Report Form. 35 For the purposes of the meta-analysis we clustered participants' behavioral problems following the taxonomy developed by Achenbach, 35 which distinguishes the broadband scales internalizing behavioral problems (eg, anxiety or depression) and externalizing behavioral problems (eg, oppositional behavior). In addition, we examined the narrow-band scale attention problems, because very preterm and/or VLBW children have been reported to show these symptoms in particular. 3 In case of missing data, authors were contacted. 5, 28, 32, [36] [37] [38] Some authors were not able to provide missing data 5, 28 or could not be reached. 39 These studies, therefore, were not included in the meta-analysis. Details on the 9 studies included are provided in Table 2 . 5, 24, 28, 32, [36] [37] [38] [39] [40] 
Executive Function
Twelve publications met the inclusion criteria. EF tests that were used in these studies included the Controlled Word Association Test, 41, 42 Animal Naming Test, 43 Digit Span, 44, 45 and the TrailMaking Test. 46 The Controlled Word Association Test and Animal Naming Test measure letter and semantic fluency, respectively, which are both components of verbal fluency. Verbal fluency is the ability to quickly generate as many different solutions for a particular (verbal) problem as possible 42 and also involves heavy linguistic requirements. Both tests were used in each of the studies on verbal fluency and are identical in test administration, response mode, and scoring, 42 and for the purposes of this meta-analysis, a mean verbal fluency score was calculated for each study. Digit Span is a test of working memory, in which series of digits are read aloud to the child. 47 Digits forward requires repetition of series of digits in the same order, whereas digits backward requires repetition of series of digits in reverse order. 47 The total number of correctly repeated series on digits forward and backward served as an index for working memory. The Trail-Making Test is a test that measures cognitive flexibility 48 and involves switching between mental sets. 42 In part A of this test, the child needs to draw lines to connect consecutively numbered circles; in part B, the child has to connect consecutively numbered circles and lettered circles while alternating between the 2 sequences. 42 The score on part B of the Trail-Making Test served as an index for cognitive flexibility.
If data of 2 measurements pertaining to a partially overlapping sample had been reported, 49 results of the first measurement were included in our meta-analysis to avoid retest effects that would confound our results. Studies were excluded if they did not report scores for either the Controlled Word Association Test and/or the Animal Naming Test, separately. 50, 51 Details on the studies included are provided in Table 3 . 28,49,50,52-60
Statistical Analyses
Meta-analysis was conducted by using the computer program Comprehensive Meta-analysis. 61 For studies that reported results for subgroups of very preterm and/or VLBW children or controls, we calculated a weighted group mean and weighted SD by multiplying each subgroup mean and SD, respectively, by its sample size, adding the subtotals, and dividing the obtained sum by the total sample size. 24, 25, [32] [33] [34] 51 Most dependent measures were not standardized. Hence, the variability metric for the dependent measures differed both between studies and between groups within studies (very preterm and/or VLBW children and controls). Therefore, we calculated effect sizes and 95% confidence intervals (CIs) in terms of Cohen's d for each study separately.
Cohen's d is defined by the difference between 2 means divided by the pooled SD for those means. 62 Combined effect sizes for each of the dependent variables of the 3 outcome domains were computed by weighting the domain-specific effect sizes according to the studies' sample sizes. Cohen's guidelines were followed to indicate the strength of the combined effect sizes, with 0.20, 0.50, and 0.80 referring to small, medium, and large effect sizes, respectively. 62 Q-test statistics 63 were performed to test homogeneity among the studies' effect sizes (ie, whether findings are consistent among studies) and among combined effect sizes for the various indices of academic achievement, behavioral problems, and EF.
Pearson's correlation coefficients (r) were calculated to test the impact of mean BW, mean GA, and mean age at assessment on the strength of the studies' effect sizes for all indices of academic achievement, behavioral problems, and EF. Cohen's guidelines were followed to indicate the strength of the correlation coefficients, with 0.10, 0.30, and 0.50 referring to small, medium, and large coefficients, respectively. 64 A major concern in conducting metaanalyses is the existence of publication bias. Publication bias results from studies reporting nonsignificant results that have failed to be published and, therefore, are not included in a metaanalysis. If these studies had been included, they would nullify observed effects. 16 We examined the potential for publication bias by using 2 methods. First, we computed Rosenthal's failsafe N 16 (FSN) (ie, the number of studies that would be required to nullify the observed effect) for each combined effect size, separately. A FSN is often considered robust if it is more than 5k ϩ 10 (k ϭ number of studies in the metaanalysis). 16 Second, we correlated sample sizes to the effect sizes. A negative correlation between sample sizes and effect sizes indicates that small studies with significant results may be published more often than small studies with nonsignificant results, which has recently been shown to exist in 80% of the meta-analyses. 65 
RESULTS
Academic Achievement
Mathematics, reading, and spelling were significantly poorer in very preterm and/or VLBW children. Combined effect sizes were Ϫ0.48 for reading, Ϫ0.60 for mathematics, and Ϫ0.76 for spelling. The combined effect sizes for mathematics and spelling were medium to close to large and did not differ significantly (Q 1 ϭ 2.41; P ϭ .12). The combined effect size for reading, however, was significantly lower than the combined effect sizes for mathematics (Q 1 ϭ 5.73; P ϭ 0.02) and spelling (Q 1 ϭ 12.47; P Ͻ .001). Within each of the indices for academic achievement, strength of the studies' effect sizes varied significantly between studies (P values Ͻ .01). FSNs ranged from 355 to 705, and smallto-medium, albeit nonsignificant, correlation coefficients were observed between sample sizes and indices for academic achievement (all P values Ͼ .32), indicating that there was no evidence for publication bias.
Behavioral Problems
Parents and teachers did not differ significantly in their ratings of internalizing behavioral problems (Q 1 ϭ 0.02; P ϭ .88), externalizing behavioral problems (Q 1 ϭ 0.007; P ϭ .93), and attention problems (Q 1 ϭ 1.95; P ϭ .16).
Significant (P values Ͻ .001) and closeto-medium combined effect sizes were found for parent and teacher ratings of attention problems: Ϫ0.59 and Ϫ0.43, respectively. Small combined effect sizes were found for parent and teacher ratings of internalizing behavioral problems, which were Ϫ0.20 (P Ͻ .01) and Ϫ0.28 (P ϭ .16), respectively, and for externalizing behavioral problems, which were Ϫ0.08 and Ϫ0.09 and not significant (P values Ͼ .22). Parent and teacher ratings for attention problems were significantly larger than parent and teacher ratings of externalizing and internalizing behavioral problems (Q 1 Ͼ 12.09; P Ͻ .001). Within parent and teacher ratings, combined effect sizes for attention problems, internalizing behavioral problems, and externalizing behavioral problems did not differ significantly (Q 1 Ͻ 3.03; P values Ͼ .08). Except for parent ratings of internalizing behavioral problems, findings were consistent across studies.
FSNs for parent and teacher ratings of internalizing behavioral problems were 18 and 10, respectively, for parent and teacher ratings of externalizing behavioral problems were 3 and 0, respectively, and for parent and teacher ratings of attention problems were 67 and 17, respectively. Nonsignificant, small correlations were observed between sample sizes and parent ratings of internalizing and externalizing behavior problems and attention problems (all P values Ͼ .61). Nonsignificant, albeit large and negative, correlations were observed between sample sizes and teacher ratings of internalizing and externalizing behavior problems and attention problems (all P values Ͼ .08). The results point to possible publication bias in studies on teacher ratings of problem behavior.
Executive Function
Verbal fluency (Controlled Word Association Test and Animal Naming Test), working memory (Digit Span), and cognitive flexibility (Trail-Making Test part B) were significantly poorer in children born very preterm and/or with VLBW than in controls. The combined effect sizes were small to medium and were Ϫ0.36 for working memory, Ϫ0.49 for cognitive flexibility, and Ϫ0.57 for verbal fluency (all P values Ͻ .001). Differences between the combined effect sizes for these indices of EF were not significant (Q 2 ϭ 6.33; P ϭ .10). Within these indices of EF, effect sizes did not vary significantly between studies (all P values Ͼ .15). FSNs ranged from 39 to 56. Correlations observed between sample sizes and effect sizes for EF ranged from small (r ϭ Ϫ0.06) to large (r ϭ 0.81) but were not significant (all P values Ͼ .10). There was no clear evidence for publication bias. Table 5 displays Pearson's correlation coefficients for the relationship between mean age at assessment and the studies' effect sizes for academic achievement, behavioral problems, and EF. All correlation coefficients for the relationship between effect sizes for academic achievement and mean age at assessment (5.0 -20.0 years) and EF and mean age at assessment (7.5-22.3 years) were small and not significant (all r values less than Ϫ0.19; all P values Ͼ .55). After exclusion of 1 extreme effect size, 45 which would confound the results, correlations between parent and teacher ratings of internalizing, externalizing, and attention problems, and mean age at assessment (5.9 -17.3 years), ranged from small to large but were not significant (all r values less than Ϫ0.56; all P values Ͼ .33). Mean GA ( This meta-analytic study was the first to aggregate studies on the neurocognitive domain EF. Although EF covers a variety of capabilities, the majority of studies into very preterm and/or VLBW children have focused on verbal fluency, working memory, and cognitive flexibility, thereby allowing metaanalytic aggregation of findings. Our results show that very preterm and/or VLBW children score 0.36 to 0.57 SD lower than their term-born peers on these measures, differences that translate into small-to-medium effect sizes. These findings indicate that very preterm and/or VLBW children display difficulties in holding information in mind, switching between mental sets, and generating as many different solutions for a particular problem as possible. These EFs have been strongly related to academic achievement and/or behavioral functioning [10] [11] [12] 66 and might form an explanation of the problems that very preterm and/or VLBW children face in these domains of functioning. However, other well-established EFs of importance for academic and behavioral functioning, such as inhibitory control, which has been considered to be the underlying symptoms of inattention, 11 have only scarcely been assessed in these children. Therefore, in the search toward the understanding of academic underachievement and behavioral problems in very preterm and/or VLBW children, insight into other EF domains may be of great merit.
Age at Assessment
BW and GA
Smaller and more premature infants were found to be more prone to poor academic achievement and internalizing and externalizing behavior problems than more mature and heavier peers. Despite the small number of studies included in the correlational analyses, significant results were obtained. This bolsters our findings and underlines the importance of BW and GA as predictors for later development. Such an inverse relationship was previously demonstrated for the incidence of major disabilities in very preterm and/or VLBW children 67 and is related to the risk for disruption in cortical development (corticogenesis) and brain connectivity, which increases when BW and GA decrease. 68 For the extremely preterm or extremely low BW infants, adverse concomitant sequelae (such as abnormal cerebral ultrasound findings, chronic lung disease, and postnatal steroid administration), may explain abnormal neurodevelopmental outcomes in addition to BW and GA. 69, 70 It has been questioned whether academic underachievement, behavioral problems, and neurocognitive dysfunction in very preterm and/or VLBW children improve or worsen over time. 6 Some studies have found evidence in support for the idea that the gap between very preterm and/or VLBW children and term-born peers becomes smaller with increasing age. 50, 71 Others have compared outcomes at school age and in young adulthood and have suggested that very preterm and/or VLBW teenagers and young adults continue to lag behind term-born peers in terms of cognitive and academic achievement. 25, 29 Our results show that the strength of the studies' effect sizes was not significantly related to age at assessment, which suggests that the disadvantage in academic achievement, behavioral sequelae, and neurocognitive function, at least for the age range studied (5.0 -22.3 years), remains stable during development and persists into young adulthood. It should be noted that the number of studies we retrieved that assessed very preterm and/or VLBW young adults is scarce (n ϭ 4), and studies in this age group are greatly needed. At the same time, it has been found that very preterm young adults are not less satisfied with their lives and do not have lower self-esteem than their peers. 4 Possibly family and environmental factors might alter the subjective experience of the impairments faced by very preterm and/or VLBW young adults. 72 This meta-analysis has some limitations that need to be considered. It should be noted that some of the correlational analyses were conducted on a small of number of studies and, therefore, have limited power; results may have changed if more studies had been included. For the purpose of this meta-analytic study, we assumed that academic-achievement test scores derived from different measures of academic achievement were comparable because of identical normative scales (mean: 100; SD: 15). This assumption, however, overlooks the possible differences between tests in terms of content and may possibly explain part of the heterogeneity among the effect sizes obtained. In addition, our exclusive focus on internalizing and externalizing problems, as well as attention problems, might have disregarded other types of behavioral problems. Our inclusion criteria did not take the attrition rates of studies into account; however, correlational analyses showed that there was no significant relationship between studies' effect sizes and attrition rates (data not reported; details are available from Mrs Aarnoudse-Moens). Finally, we included children on the basis of BW and GA, which may have caused heterogeneity between studies. However, inclusion of studies on the basis of BW or GA exclusively would have resulted in a limitation of the number of studies available for this meta-analysis.
CONCLUSIONS
This meta-analysis quantitatively aggregated studies into the outcomes of very preterm and/or VLBW children in terms of multiple indices of academic achievement, behavioral functioning, and EF. We combined results from different countries. Despite the crosscultural differences that exist in such a comparison, this meta-analysis provides evidence from a large number of participants that very preterm and/or VLBW children show severe deficits in mathematics, reading, and spelling and poor EF, and they face behavioral sequelae in terms of symptoms of inattention and internalizing behavioral problems. These adverse outcomes were demonstrated to persist into young adulthood and were inversely related to BW and GA. Our findings highlight the need for long-term follow-up for prematurity and VLBW survivors. In addition, having clearly established these children's areas of weakness, research needs to be performed to study underlying dysfunctions and focus on feasibility and efficacy of intervention strategies to minimize the long-term impact of prematurity and VLBW.
